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volumes, including a commission report, and 113 supporting papers. Technologies at that time included closed circuit television, radio, and computer-administered instruction. In his essay "Instruction as a Systematic Approach to Instructional Technology," Charles Hoban (1971) emphasized, "It is imperative that the Commission on Instructional Technology approach its task within a central concept of instruction as a system, and not as the installation of appliances" (p. 138).
Although there are notable applications that link simulation with assessment for education, we currently lack a systematic effort backed by resources to develop and distribute simulations in the United States in a way that gives all students access. Between the study of specific applications and the study of social implications, designers, researchers, and teachers need to work together to examine the context: the conditions that help and hinder the systemic integration of technology in education aligned with overarching goals in the field of education. The process of evaluation can respond and contribute to these overarching goals. Reviewing the purpose of THE VIRTUAL LAB and its development linked to evaluation, we outline a four-level assessment, which begins with overarching goals guiding the development. A team of evaluators is required to address four levels over time: (a) verifying the artifact, (b) checking the variation of the content, (c) verifying in context, and (d) documenting the value in the field of education.
As this article unfolds, it becomes clear that the evaluation of artifacts in the design sciences requires a team of people with a range of skills that emphasize the process and context of use, alongside the emphasis on variables that is evident in the analytical sciences. The authors consider the tension described between the analytical sciences (developing, testing, and justifying theories) and the design sciences (building and evaluating artifacts for well-defined contexts of use), concluding that these are not mutually exclusive. These two paradigms, as described by Klabbers (2003a) , also have been elaborated elsewhere. The authors believe that the systemic development of games and simulations can be accomplished through the design sciences, uniting researchers across varying paradigms for evaluation to have an impact on specific contexts, such as education. This article focuses on THE VIRTUAL LAB scanning electron microscope (VSEM) simulation from its development to early testing in a usability study conducted in several low-income high schools in the United States to then offer a model for evaluating simulations within the design sciences.
Defining simulations
Research has shown simulations to be effective classroom tools. Dekkers and Donatti (1981) , in an early meta-analysis of 93 studies across a range of settings, found that when compared to lectures, the use of simulations was more effective on the development of attitudes; however, claims regarding the impact on cognitive development and retention were inconclusive. They explained, A simulation game (referred to here after as a simulation) generally involves the use of a model . . . and is developed to offer an abstraction of things thought to be important in an actual or a real-life situation. The participants in a simulation are usually involved in the game in either of two ways, role playing (students or a group of students take on the role of other people in real-life situations) or decision-making (students are required to make decisions based on data made available to them). (p. 424) Their definition of simulations did not emphasize technology, but in the two decades that have passed since their meta-analysis, researchers now are able to report the advantages that simulations can bring to the science classroom.
Recent studies have examined specific applications of simulations through computers in high school science, reporting positive effects (Geban, Askar, & Ozkan, 1992; Huppert, Lomask, & Lazarowitz, 2002) . More broadly, researchers have been examining the impact of advanced applications on student learning in primary and secondary education as well as the relationship between the understanding of science and the impact this has on society (Cross & Price, 1999; Moreno & Mayer, 2002; Scardamalia & Bereiter, 1991; Schank & Jona, 1991; Tytler, 2001) . The use of simulations and games has been increasingly recognized as an effective way to engage learners across cultures (Crookall & Arai, 1995) . Alongside the technology, we have seen an expansion in our ability to understand how learning takes place outside of the boundaries set up using traditional classroom methods, such as lectures or worksheets, as learning environments are increasingly characterized by the interactivity and authenticity of tasks (Klabbers, 2000) .
We also have experienced the growth of our knowledge regarding teaching and learning. With the increasing use of technology has come an increasing need for anchored instruction. Anchored instruction is a case-based approach to learning that enables students to focus on a problem and "to pay attention to their own perception and comprehension of these problems" (Bransford, Sherwood, Hasselbring, Kinzer, & Williams, 1990, p. 123) . Despite the changes and continuing discussions over the past three decades, we have not seen the systemic transformation of instruction in the United States that Hoban called for in 1971, and neither have we seen a new language of action arise through the use of "serious" games and simulations as Abt (1971) predicted. After focusing on THE VIRTUAL LAB, we review the usability study within a four-level assessment, guided by overarching goals for education.
Defining design-in-the-small and design-in-the-large
Within a taxonomy of simulations, THE VIRTUAL LAB scanning electron microscope (SEM) would be considered a "pure simulation" (Klabbers, 2003b) . The virtual SEM is a computer-based replication of the actual scientific instrument without the overarching architecture of a game. As a prototype, it was embedded in a three-dimensional environment without a gaming component or a narrative to guide users. The software provides a benign environment with enough information and realism to give students the experience of operating the actual instrument (see Figures 1 and 2) .
Its design focuses on providing a tool that is educational and engaging to students, whereas the usability study described in this article examined the use of the VSEM in the context of three U.S. high schools. As Klabbers (2003b) noted, "The organizational face of knowledge in a game results from the systems of interactions between the actors, which are governed by the rules and constraints of the available resources" (p. 57). So, too, when we describe the purpose of the program and its context for use, there is a larger frame of reference beyond the JAVA-based code as we consider the initial impetus for developing the software all the way through to the interactions of students and teachers who are asked to implement the software. Klabbers (2003c) distinguished between two levels of design: "design-in-the-small (DIS), referring to simulation game design as such and design-in-the-large (DIL), referring to [the goal of] changing existing situations into preferred ones" (p. 489; also see Klabbers, this issue). The concern for the DIL in the early stages of the development of THE VIRTUAL LAB begins with the developers working with NASA (National Aeronautics and Space Administration in the United States). Whereas DIS is purely evident in the world of the simulation, the authors assert that the concern for the DIL is developed by designers, but it is also later shaped by the end user's prior knowledge, assumptions, and conditions for learning. A clearly articulated purpose at the beginning of the development of a simulation can be extended or subverted by users in the context of use. This concern for the larger context of use echoes Klabbers (2003a) , who advised, "The instrumental aspects of a game-its medium of representation-should be embedded in the wider perspective of organized complexity of a community of practice" (p. 589). Evaluation offers a way for ongoing data collection to respond and contribute to the overarching vision or goals for education that guide the simulation in specific contexts. In this article then, DIS is the replication of the SEM in a virtual simulation, whereas DIL describes the larger context for development and use.
Although this article discusses THE VIRTUAL LAB in terms of DIS and DIL, the discussion of the methods, the purposes, and the uses of evalution are built from the distinction between the analytical sciences and the design sciences. The analytical sciences (developing, testing, and justifying theories) and the design sciences (building and evaluating artifacts for well-defined contexts of use) (see Klabbers, 2003a Klabbers, , 2006 have been further defined, as Hevner, March, Park, and Ram (2004) framed the paradigms in the following way:
The behavioral science paradigm seeks to develop and verify theories that explain or predict human or organizational behavior. The design-science paradigm seeks to extend the boundaries of human and organizational capabilities by creating new and innovative artifacts. . . . The behavioral-science paradigm seeks to find "what is true." In contrast, the design-science paradigm seeks to create "what is effective." (pp. 75, 98) An overview of the four-level assessment: Verifying the artifact, checking content variation, verifying in context, and documenting the value in the field of education
Beyond the distinction between the analytical sciences and the design sciences, van Aken (2004) has made the further distinction between the formal sciences "building systems of propositions whose main test is their internal logical consistency" and the explanatory sciences "seeking to describe, explain and possibly predict observable phenomena" within a specific field (p. 224). For the purposes of this article, the authors use the terms analytical sciences and design sciences in the context of a process (rather than in dichotomy), building on the models offered by Klabbers (2003a Klabbers ( , 2006 , Hevner et al. (2004) , and van Aken (2004) . Van Aken's term explanatory sciences is used in this article, then, to describe this process-oriented use of both quantitative and qualitative data, combining the analytical sciences and the design sciences rather than choosing one or the other. This overall cycle of evaluation, shown in Figure  3 , is drawn from the artifact, the content, and the context, as defined within DIS, informing and contributing to the overarching goals in the field of education, as defined within DIL.
In the diagram (in Figure 3) , the explanatory sciences can provide useful information about the impact on the learners (the users) (circle 2 in Figure 3 ) as well as the context for use (circle 3 in Figure 3 ). Beyond documenting the needs of users, the design sciences (circle 4 in Figure 3 ) aim to develop the artifact as solutions to identified problems in specific contexts and users responding and contributing to overarching educational goals. This illustration (in Figure 3 ) of the ways that research methods contribute at various levels of the evaluation (from the artifact to the vision for education) does not account for the differences at each level in (a) ontology (or purpose for being) and (b) causality (assumptions regarding cause and effect) at the four levels of the evaluation of the simulation. Without such understanding, it is possible as an evaluator to overlook the differences between causality in the design (where is cause and effect possible?), causality in actual use (where does cause and effect occur in use?), and the assumptions about causality that drive the evaluation (who is acting to produce cause and effect?). With this understanding, an evaluation of the artifact (a process of verification) should not claim to measure change in learners (users) (a process of verification in context). Understanding the differences in purpose (ontology) and assumptions regarding cause and effect (causality) allows the evaluator to evaluate the artifact in terms of its programming (through the formal sciences) while the learner (user) is evaluated in terms of context-specific use (through the explanatory sciences).
The diagram does allow us to see the contributions that the analytic sciences make within the explanatory sciences while examining the role that evaluation data play in Blasi, Alfonso / TRANSFERRING TECHNOLOGY TO SCHOOLS 251
FIGURE 3: Levels of Assessment in the Development of THE VIRTUAL LAB Scanning Electron
Microscope (VSEM) Simulation a. The explanatory sciences: van Aken (2004) made the distinction between the formal sciences "building systems of propositions whose main test is their internal logical consistency" and the explanatory sciences "seeking to describe, explain and possibly predict observable phenomena" within a specific field (p. 224). For the purposes of this article, the analytic sciences (emphasis on variables) are included within the explanatory sciences (which also includes emphasis on process). van Aken's distinctions assist in dissipating the tension between the analytical sciences (developing, testing, and justifying theories) and the design sciences (building and evaluating artifacts for well-defined contexts of use) (Klabbers, 2003a) so that the techniques of the analytic sciences are used to evaluate and refine artifacts built for well-defined contexts of use in the design sciences. The design sciences assume the larger responsibility for sustaining and implementing a vision for education informed by the evaluation process. the design sciences overall as it is responsive to-and can even contribute to-the overarching vision for education. As Hevner and his colleagues noted (2004), Effective design-science research must provide clear contributions in the areas of the design artifact, design construction knowledge (i.e., foundations), and/or design evaluation knowledge (i.e., methodologies). The ultimate assessment for any research is, "What are the new and interesting contributions?" Design-science research holds the potential for three types of research contributions based on the novelty, generality, and significance of the designed artifact. (p. 87) We can look more closely at the connection between context and design for education today, drawing from the development of a simulation prototype, THE VIRTUAL LAB scanning electron microscope. This process is described from its design through NASA Kennedy Space Center (KSC) to a 1-year usability study that was conducted in three low socioeconomic status (SES) high school science classrooms.
From concept to prototype:
The process of developing THE VIRTUAL LAB simulation THE VIRTUAL LAB concept was proposed as a solution to educators' requests to provide students access to NASA's instruments. Many of these instruments are too costly for schools and colleges to purchase and maintain. Specifically, this need was voiced within our discussions with historically Black colleges and universities in the United States. Educators felt strongly that access to these instruments would greatly increase students' abilities while helping them to become proficient in technology and science-related areas. Considering the availability of NASA's instruments for public use, coupled with the security issues involved in providing student access to the Kennedy Space Center, real-life student use of KSC instruments is not feasible. By providing virtual access through realistic images and user interaction, we could meet these needs in a way that does not conflict with KSC operations and security. By providing this software freely to all, we could also ensure equal access and availability to the local community, the nation, and beyond borders across the globe. We proposed this concept for funding from the NASA Learning Technologies Project (LTP) and were funded for a 1-year prototype. High school and entry-level college students were the target audience.
During design, we worked to provide realism while meeting the needs voiced by educators. Without concrete data from the analytical sciences at this early stage, the design of this simulation was still informed by external factors. Although we had specific purposes and audiences in mind, our developers brought their understanding of the technology and of the phenomena we were aiming to simulate. We planned to design a tool that could then be transported and adopted for use for a range of learners and across multiple contexts. Our design focused on providing a tool that is educational and engaging to students without specifically knowing our students. Although our design needed to satisfy the national science standards and provide teachers a tool that can easily be adapted to their curriculum, the standards and conditions for use dictate how and when users will integrate the technology. The method of integration into the classroom is not something we can build into the design of a simulation. We also were aware that to provide flexibility and to ensure growth, our product needed to expand without need to modify delivered code as instruments and specimens are added. Our partners (All Points, the Beckman Institute at the University of Illinois, and Bethune-Cookman College) are experienced leaders who embraced this vision and these objectives.
KSC provided instrument requirements that aimed to educate students in the instrument's purpose, function, theory, and use. We also required that as many instrument controls and functions as possible be simulated to make the experience realistic. By requiring that the guided activities be developed separately from the instrument functions, we ensure that the student is empowered to learn effective problem-solving techniques through exploration. To provide flexibility, our product uses Extensible Markup Language (XML), which allows instruments and specimens to be added without modifying delivered code. To reach the widest audience, our software is crossplatform compatible (written in JAVA 3D and JAVA). To ensure growth, we provide the software as open source code and have designed it as an open architecture documented through a developers' guide, easily allowing others to contribute additional instruments and specimens.
Our first instrument in THE VIRTUAL LAB suite of instruments, the scanning electron microscope, meets all of these requirements. The virtual SEM software provides videos on how the instrument works, how it is used at NASA, and how specimens are prepared. When examining a specimen, the student is in full control of all the functions (magnification, focus, brightness, contrast, panning, and measuring). This gives them all the tools needed to solve the problem at hand. The guided activity is a text document that is totally separate from the instrument software and can therefore be changed easily by the teacher to fit the class needs. All specimens are defined through XML files, and the design is documented to allow others to add specimens in the future as THE VIRTUAL LAB highlights the instruments and research done at NASA.
KSC consulted partners in academia to select the first instrument, ensuring the usefulness and relevance of our product. We continued our communication with the NASA Learning Technologies Project. Extensive testing throughout the design and development of our product was key, with the prototype tested by high school and college students and teachers representing a total of nine states and Puerto Rico. This evaluation entailed having groups of teachers and students use the software and fill out surveys to document the knowledge they had gained and their impressions to help further define the model. After completion of our first year, an extensive evaluation of our product, alongside 9 other LTP projects, was coordinated by LTP with a panel of education technology experts. Based on this competitive evaluation, 4 of the 10 projects were funded for further development, including THE VIRTUAL LAB. In the following years, additional evaluations have been conducted resulting in the product we have today, including the usability study conducted by the University of Central Florida (UCF).
The usability study: Transferring the simulation from NASA into K-12 classrooms Once the prototype was developed and tested by the developers, it was time for an independent evaluation, an evaluation of its usability within actual classrooms. Documenting the use of THE VIRTUAL LAB within nine high school biology classrooms in an urban school district in Florida, the usability study focused on general science classes (i.e., not advanced or honors level) within underserved populations (with 30% or higher eligible for free or reduced lunch programs; 50% or more of the students were African American and/or Hispanic) over the 2004-2005 school year (n = 225). A baseline of data was developed from an administration of the Test of Science-Related Attitudes (Fraser, 1981) , and the researchers collected usability data (n = 40) using cognitive interviewing techniques (Dumas & Redish, 1993; Ericsson & Simon, 1993) . THE VIRTUAL LAB study focused on 10th graders, students approximately 16 years old. At that age, according to neuroscience, such students show an increased capacity for scientific reasoning. They are at the stage of development that they enter after their middle school years (Kwon & Lawson, 2000) . The teachers who participated, leading the nine high school general science (not advanced or honors) biology classrooms, were recruited with the goal of involving teachers who had been teaching in the schools for a minimum of 1 year prior to the study.
All the students had experience using the light microscope (the actual tool in their classroom, not a simulation). All students were given a written test prior to this interview documenting their level of literacy, and the interviews focused on students who were fluent in English. Each student was paired with an interviewer and followed flashcards with directions for a range of activities using the VSEM. The cards were tested at a high school that was not participating in the study. The goal was to test specific functions of the VSEM simulation in a documented sequence while recording audio and video without interaction between the interviewer and interviewee. The flashcards also allowed the activities to proceed quietly while the class continued uninterrupted by the voices of interviewers.
Students were asked to first complete a series of activities using the VSEM, and then their perceptions regarding specific aspects of scientific investigation, attitudes toward inquiry, and careers in science were documented before and after the use of the VSEM. None of the students had used the VSEM prior to the initial round of interviews, and there were two separate interviews. The first focused on the basic functions of the VSEM and an investigation of a house fly specimen, the second focused on a career role play and the use of the VSEM related to activities relevant to the students' lives. Each interview cycle with the 40 students took approximately nine classroom visits over 2 weeks.
Findings from the usability study
The study allowed us to document student assumptions and prior experiences as well as aspects of the design that were difficult for students to use. At times, difficulties
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arose because the features, which were intuitive for adults, were not as accessible for the students. For example, students needed to double-click to open the VSEM and would click elsewhere, use the opposite mouse button, or click too few or too many times. Although this could be addressed with additional instructions or pop-up reminders, a design issue, we learned something about our users as they made assumptions or they lacked the prior knowledge and skills that the prototype took for granted. We observed times in which students had poor eye-hand coordination, and we have documented others who would look for help or appear to momentarily give up when they did not find functions immediately accessible. The evaluation results regarding the impact of the artifact, the experience of the users, and the context of use were reported to the developers. While we were able to observe limited access to the technology needed to run the simulation, we were also able to record the shift in student language from emotional toward scientific when describing specimens after observation through the VSEM. Using methods defined in the explanatory sciences, both quantitative and qualitative, the usability study sought to explain (a) the effectiveness of the design in use, (b) the assumptions and experiences that shape student use, and (c) the potential use alongside the needs within the classroom in relation to the overarching goals in education.
Whereas the first round of interviews with students focused on the functions and the use of the simulation, its actual use, the second round of interviews and the survey allowed researchers to investigate the potential for use. With an 86% response rate for the survey (193) from a sample of 225, 64% of the students surveyed reported that they play video games. Although 49% reported playing action games and 45% reported playing sports games, far fewer students reported that they played strategy games (20%), role-playing games (18%), or using simulations (10%). We found that regardless of differences between the schools, they scored fairly evenly on the Test of ScienceRelated Attitudes, with the lowest ranked school actually scoring slightly higher on attitudes toward scientific careers. Over the long term, we are interested in student attitudes toward science in this district and the relationship students could see-if anybetween what they were learning through the VSEM and their own lives outside of school. This baseline of data will help as we measure changes that take place in the schools over time, but it also helps to inform the overarching goals for education with this population in mind. Building on both qualitative and quantitative data, this example allows us to consider the barriers to evaluation that must be faced in the design sciences.
Barriers to formative evaluation need to be addressed
Whereas usability studies allow us access to the context and the conditions for implementation, access to classrooms and resources for these studies is limited. This presents a barrier that remains unaddressed in the design sciences, even as it is an unrecognized need in the analytic sciences. Organizations that issue grants do not always include usability studies within the design process, and the development cycle Blasi, Alfonso / TRANSFERRING TECHNOLOGY TO SCHOOLS 255 does not always provide the time needed to access and develop working relationships within the schools to then refine the design using the findings. However, without consideration of the context through formative evaluation, the process of design will produce functional artifacts that are less than optimal in terms of their accessibility and applicability for instructors and learners, and accordingly there will be less than optimal outcomes and impact.
It can be challenging to convey classroom conditions to developers immersed in programming. One can question the relevance of a usability study, which is context specific, to the developers' more generalized goal of developing the artifact. Can developers work to understand and meet the needs of students in low-income classrooms, for example? This concern for and responsiveness to context is crucial if simulations are to have a systemic impact in education. The traditional division of labor (i.e., the developer is attentive to the context of the lab) and definition of products (i.e., the artifact is generic and users adapt to it) is slowly changing, but as it stands, the traditional divisions and definitions do not meet the needs of students and instructors in education. The four-level assessment for artifacts in education is articulated here with concern for the needs of users and the context for implementation specific to overarching goals. This approach is proposed to move the field beyond the sporadic development of artifacts generated by market and for profit alone. These too often are only accessible for schools that can afford to pay for them and integrate and maintain them; many current products are developed without connection to systemic educational goals. Built on the expectation that users and context will conform to general products, a generic product development approach without formative feedback and refinement of the artifact is not appropriate for education as users are pursuing learning goals (developing skills and gaining experiences through the technology) rather than performance goals (training to operate the technology). We need to consider the users and the context for use as we design artifacts that support goals for learning.
The contribution of formative evaluation and its connection to the overarching goals for education is lost in industry and in academe when the only evidence that counts is that the artifact operates rather than how it could move from being (partly) functional to become optimal. Although the evaluation process gathers data informing and contributing to the larger vision for education in the design sciences, it also requires a team of evaluators that formatively support the development of the artifact rather than summatively judging the artifact or the developers. An unremitting focus on the personal can sabotage the ability to innovate as a team of professionals when reporting-or being responsive to-formative feedback. The evaluation of the artifact with the goal of improving products needs to be conducted and discussed without confusing it with an evaluation of the developer. In contrast to academe, which, with the focus on the individual in the tenure process, is not built on a model of teamwork, this distinction may be easier to accomplish in industries where individual employee evaluation is set apart from the formative evaluation of products within a team-driven process for optimization.
Beyond the lack of access and resources supporting usability studies in the design cycle, the design sciences face the following three barriers to the systemic development of simulations in education linked to overarching goals and a vision for education: (a) the generic product development approach, (b) the emphasis on function without optimization, and (c) the misperception that formative evaluation is a critique of the developer as an individual rather than a way to optimize the artifact within a team. Emphasis on function singles out technical functionality as the predominant criterion of success, whereas optimization strives to balance the multiple views on the artifact in its context of use. As an evaluator gathers information on the user response to a design or the impact of an artifact on skills and content knowledge, it may be difficult to relate that specific evaluation task as part of a solution to a larger need. Although a range of research methods can inform the design process, within the design sciences all of the individuals involved can be knowledgeable about the larger needs being met (DIL) as well as the ways in which their work contributes to the solution (DIS).
Achieving overarching goals through technology in U.S. education (DIL)
Examining the reality of U.S. classrooms today, instead of simulations and other learning experiences through technology, prevailing innovations include textbooks and standardized tests, often using highly sophisticated techniques for development, distribution, and marketing. Given the earlier definition of simulations from Dekkers and Donatti (1981) involving the use of a model developed to offer an abstraction of things thought to be important in real-life situations, we may be able to argue that these innovations in education-take for example standardized tests-are simply poorly designed games with unimaginative or often unspoken storylines. The emphasis on technique without concern for human consequence should not dictate the design process for developing innovations education, and neither should they dominate research methods in education. Both of these manifestations of technique (Ellul, 1954) are no longer sufficient if we are ever to realize the potential role of simulations within education. Any attempt to answer questions about the impact of technology in education while ignoring context and the learners will weaken the potential for optimal design, and it will weaken our understanding of the actual outcomes and unintended consequences.
Considering the analytic sciences contextualized in the design sciences also requires a move from function to optimal use: (a) How are these analytic studies incorporated into an evaluation process guided by an overarching vision? (b) What are the benefits for education that merit systemic support for this process and the team of evaluators over time? The explanatory sciences-using both quantitative and qualitative methods-can play a major role, contributing to the artifact development (DIS) as well as the overarching work of the design sciences (DIL). This is outlined in Table 1 .
In turn, the design sciences draw on the management and information sciences. In this shift from a narrowly technical systems perspective to consideration of the organization, we lose the impetus to develop the "black box" or "silver bullet" as there is a larger context for research and design with developers and evaluators as participants We need to know the capabilities inherent in the code and the design (that consideration may include its platform compatibility, the engine used, etc.), if the design is functional, and then if it is optimal. To effectively evaluate we also need to know what is possible with current tools and languages available (a global perspective) rather than being driven by local knowledge/resources only (the tools at hand).
Functionality can include tools for assessment and mechanisms to provide feedback for learners and instructors.
Programming; logic, mathematics For THE VIRTUAL LAB: Extensible Markup Language (XML) and JAVA 3D and JAVA allow the program to be open source, cross-platform while accommodating additional specimens contributed by other developers.
2. Efficacy, impact on learners specific to the content (DIS) 2. Variation check (of content). Qualitative and quantitative impact studies focused on the consistency and accuracy of content and skills related to the disciplines addressed through the artifact. Conducted with learners (users) and external subject matter experts. Methods can include qualitative case studies, surveys, and later with consistent integration and sustained use after the design is tested, refined, and extraneous factors are accounted for, field trials may be used to study impact on learner knowledge. Behavioral/constructivist approaches are applicable, taking into account the stage of the design process and the implementation. Disciplines (for content).
c Explanatory sciences (to evaluate).
Objective measures of the impact on users regarding content and related skills (e.g., achievement scores) can be gathered alongside documentation of process (e.g., student problem-solving strategies using the artifact).
Content and related skills embedded in the artifact and related support (e.g., hints) can be strengthened before wide-scale dissemination. Assessment and forms of feedback for learners (users) and instructors can be refined here.
Behavioral and social sciences For THE VIRTUAL LAB: Biology is the content for a target audience of high school students, so the methods must take this content and these skills into account. The field of microscopy frames the use of this virtual simulation in the process of scientific inquiry.
3. Usability, accessibility for learners specific to the context (DIS) 3. Verification (in context). The methods for testing or documenting usability, such as interview and observation, are used. Survey data can provide context for the evaluation (i.e., How may students are working in their primary language? How many are skilled computer users?) Evaluate and assess the actual use in context (not in isolation) with learners and external reviewers (e.g., instructors). Behavioral/constructivist approaches can be used here with a focus on the actual use. Explanatory sciences.
This documents the use for further improvement; the emphasis is on functionality and effectiveness in context. Provides data so that the design can be strengthened before wide-scale dissemination. Accessibility can be tested here (in terms of user ability as well as in terms of the technology available in classrooms). Assessment and forms of feedback for learners and instructors can be tested here.
Behavioral and social sciences For THE VIRTUAL LAB: Usability data (n = 40) were collected using cognitive interviewing techniques (Dumas & Redish, 1993; Ericsson & Simon, 1993) . The Test of Science-Related Attitudes was used (Fraser, 1981) to develop a baseline of data regarding the population (n = 225), along with study-specific questions regarding use of technology, content knowledge, and demographics. Instructors were also surveyed and interviewed.
4. Synergy, the contribution of the artifact to larger goals within the field of education (DIL) 4. Valuation (in field). Evaluate the potential and impact in the field asking "What are the long-term goals and what is the long-term vision?"A shift evident here from a technical systems approach to concern for the organization as a whole including developers, learners, and larger goals and initiatives for education. Qualitative and quantitative methods are used here to document external systemic factors and issues while tracking impact and unintended consequences. Design sciences.
Organized around a purpose linked to larger goals in the field, the evaluation builds from knowledge of the basic functions and interactions for optimal products in the user environments. More broadly, demand for the artifact can be considered in relation to the purpose, but first and foremost the design should be purpose driven and part of a larger plan. Assessment data gathered through the artifact can contribute alongside data collected in the wider context. This process may begin with needs assessment and lead to data collection tracking use, but at the level of DIL, it aims to fuel, propel, and potentially steer ongoing efforts to strengthen education.
Management and information sciences For THE VIRTUAL LAB: Continually evaluated as part of NASA's Learning Technologies Project, wider efforts toward systemic integration also are being pursued through national conferences, national associations, and collaborations with other institutions and initiatives. Ongoing studies are being conducted to document the integration and the impact of the program in formal and informal science education.
a. Enabling discussion of artifacts in relation to their potential for impact in the larger context of use, Klabbers (2003c) distinguished between two levels of design: "designin-the-small (DIS), referring to simulation game design, and design-in-the-large (DIL), referring to [the goal of] changing existing situations into preferred ones" (p. 489).
b. Methods described build on the prior distinction made between the analytic science paradigm and the design-science paradigm (Hevner, March, Park, & Ram, 2004; Klabbers, 2003a) .
c. The use of disciplines has been developed from van Aken's (2004) distinction between the formal sciences and the explanatory sciences.
alongside users. When considering simulations specifically in educational contexts, the process of causality-embedded in the learner-artifact system-can never be completely articulated by the designer prior to the development of a simulation. Causality extends beyond limited cause and effect within the interactive learning environment of the simulation to encompass the developers, the learners, and the conditions within which they create and use the technology. Aspects of the DIL are inherent in the designers' assumptions about their own work, spanning from their assumptions about users to their unspoken goal for effecting change through the design of the technology. The following six questions provide a systematic approach to the analysis of an artifact when outlining causality within the design:
In relation to the attribution of cause and effect in the evaluation, evaluators may focus on variables, processes, or a combination. These choices can vary at each level of the evaluation alongside assumptions of causality in the design itself, from the verification of the artifact to its value in relation to larger educational goals. Assumptions about causality in the design can be outlined throughout the development of THE VIRTUAL LAB VSEM in ways that inform the evaluation as shown in Table 2 .
The impact of advanced technologies will never be realized systemically in education when the designer, who is developing educational technologies, stops short, creating artificial environments and releasing them for adoption and adaptation by educators without the support of a team to develop a relationship with the context for use. If integration is to take place on a systemic level, the design team must be able to advance beyond a functional prototype, using evaluation gathered to inform the development of the artifact to contribute to the larger goals of the design sciences. It is clear that it would be a mistake to confuse the assumptions about causality early in the design process (evaluated by verification of the artifact in the lab) with the causality that is apparent when evaluating learners in context (evaluated by verification in context). Both are needed to respond-and contribute-to the overarching vision for education, which is also subject to its own conditions for causality. The goal of effecting the DIL through the design sciences is apparent from the early artifact development onward. Concern for the DIL whether haphazard or deliberate still guides the process. It makes sense when aiming for systemic change to harness the process and make the concern for DIL as deliberate as possible. At the same time, the impetus for the development and design needs to be clearly communicated, or else it will be lost to future developers. Design-in-the-small (DIS)
1. Verify (in lab): Development of the VSEM Epistemology: Knowledge is created within the simulation, a combination of content, functions, and theory regarding instructional design and learning represented through programming, observed and shaped by the developer. Ontology: Replicate the functions of a scanning electron microscope. Teleology:The end goal is the operability of the (closed) system, in and of itself. Causality in the design: Is experienced by the developer who tests and refines the codes. The will of the developer is actual, not illusory; it is clearly exercised in the reciprocity between the code and the architecture/function of the simulation or game, determined by the scope of knowledge and prior experience of the developer. He or she is informed by external conditions, such as the scope and funding of the project. The programming language determines the frame here, often asking students to react to the artifact (degrees of stimulus and response) rather than constructing the artifact. Causality in the actual use: What actions can the users of the artifact take, and how do they activate cause-and-effect chains to shape the process of use? What kinds of knowledge will they construct, and what explicit and tacit knowing is assumed in the design? For example, within the VSEM simulation users can manipulate the built-in tools for focusing the view and for magnifying the specimens. But at this stage (DIS) in the lab, the function or the tools (e.g., the accuracy of the focus) matters more than how it operates in actual use (e.g., the degree to which the interface is intuitive for the user). Causality for the evaluation: Defined within the formal sciences, cause and effect is evident in predictable events that fulfill a restricted set of conditions following the logic of programming. The analytic sciences inform this aspect of the evaluation. The artifact (machine based) without the learner (human) is at the focus of the evaluation; in this case, a purely mechanistic approach to evaluation can be appropriate. It would be a mistake to extrapolate these data on their own at this stage to represent or make decisions about the larger societal impact of the simulation.
2. Verify (in setting): Usability testing Epistemology: Knowledge is created through user interaction with the system of the game or simulation, observed and documented by the evaluator. The explicit and tacit knowing that has been built into the design includes the user ability to intuit the interface and follow explicit directions. Less reliant on the design, the evaluator needs to know the background knowledge the user brings to the simulation.
For example, although the VSEM offers built-in tools for labeling the specimens, the background knowledge of the student will determine the degree to which those tools are useful. Users need to know how to label (a function of a tool within the VSEM) as well as what to label (the content matched to the specimens). Ontology: Introduce authentic tools from NASA into U.S. science classrooms. Teleology: The end goal of the VSEM is the operability of the (open) system, in combination with the users and the contexts of use. Causality in the design: Is experienced by the user who acts on the system with greater or lesser degrees of freedom as the system permits under given external conditions. The will of the user is exercised in the terms of current technology along predetermined paths within the architecture of the simulation or game. This "illusion of will" varies with the game design. Unlike a narrative or scenario-based simulation, the VSEM is a simulation of a scientific instrument and does not have end goals or final outcomes programmed into its design, but choices are still limited by the form and function of the design.
(continued)
